Creatine kinase: a role for arginine-95 in creatine binding and active site organization.
Sequence homology analysis reveals that arginine-95 is fully conserved in 29 creatine kinases sequenced to date, but fully conserved as a tyrosine residue in 16 arginine kinases. Site-directed mutants of rabbit muscle creatine kinase (rmCK) were prepared in which R95 was replaced by a tyrosine (R95Y), alanine (R95A), or lysine (R95K). Kinetic analysis of phosphocreatine formation for each purified mutant showed that recombinant native rmCK and all R95 mutants follow a random-order, rapid-equilibrium mechanism. However, we observed no evidence for synergism of substrate binding by the recombinant native enzyme, as reported previously [Maggio et al., (1977) J. Biol. Chem. 252, 1202-1207] for creatine kinase isolated directly from rabbit muscle. The catalytic efficiencies of R95Y and R95A are reduced approximately 3000- and 2000-fold, respectively, compared to native enzyme, but that of R95K is reduced only 30-fold. The major contribution to the reduction of the catalytic efficiency of R95K is a 5-fold reduction in the affinity for creatine. This suggests that while a basic residue is required at position 95 for optimal activity, R95 is not absolutely essential for binding or catalysis in CK. R95Y has a significantly lower affinity for creatine than the native enzyme, but it also displays a somewhat lower affinity for MgATP and 100-fold reduction in k(cat). Interestingly, R95A appears to bind either creatine or MgATP first with affinities similar to those for the native enzyme, but it has a 10-fold lower affinity for the second substrate, suggesting that replacement of R95 by an alanine disrupts the active site organization and reduces the efficiency of formation of the catalytically competent ternary complex.